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ABSTRACT
We present first results of a comprehensive photometric O-star survey performed with a robotic twin refractor at the
Universita¨tssternwarte Bochum located near Cerro Armazones in Chile. For three high-mass stars, namely Pismis 24-1,
CPD−51◦ 8946 and HD 319702, we determined the period through the Lafler-Kinman algorithm and model the light curves within
the framework of the Roche geometry. For Pismis 24-1, a previously known eclipsing binary, we provide first light curves and de-
termined a photometric period of 2.36 days together with an orbital inclination of 61.8◦. The best-fitting model solution to the light
curves suggest a detached configuration. With a primary temperature of T1 = 42520 K we obtain the temperature of the secondary
component as T2 = 41500 K. CPD− 51◦ 8946 is another known eclipsing binary for which we present a revised photometric period of
1.96 days with an orbital inclination of 58.4◦. The system has likely a semi-detached configuration and a mass ratio q = M1/M2 = 2.8.
If we adopt a primary temperature of T1 = 34550 K we obtain T2 = 21500 K for the secondary component. HD 319702 is a newly
discovered eclipsing binary member of the young open cluster NGC 6334. The system shows well-defined eclipses favouring a de-
tached configuration with a period of 2.0 days and an orbital inclination of 67.5◦. Combining our photometric result with the primary
spectral type O8 III(f) (T1 = 34000 K) we derive a temperature of T2 = 25200 K for the secondary component.
Key words. stars: fundamental parameters –stars: formation –binaries: eclipsing –binaries: spectroscopic –Galaxy: open clusters and
associations: individual: NGC6334 –Galaxy: open clusters and associations: individual: NGC6357
1. Introduction
The fundamental quantity of a star is its mass because it deter-
mines the energy production, the evolution and the final state;
certainly there are other parameters like chemical composition
and angular momentum that influence stellar evolution. At first
glance, the easiest way to estimate stellar masses is by means of
the mass-luminosity relation L ∝ Mα which is well established
by both theory and observation. However, the exponent α itself
is a function of mass: while α ∼ 4 for solar-type stars it becomes
smaller for stars of lower (< 0.5 M) and higher (> 10 M) mass.
In practice there are many other parameters that influence the
mass-luminosity relation. All stars increase their luminosity with
age – on the other hand high-mass stars lose a considerable frac-
tion of their mass during evolution. Observationally, the determi-
nation of the bolometric luminosity (Lbol) becomes more difficult
for O- and early B-type stars because due to their high temper-
ature most light is radiated in the UV . Likewise, distance, red-
dening and effective temperature (Teff) have to be known in or-
der to calculate the absolute visual magnitude MV and to convert
it into Lbol. For high-mass stars one can circumvent the mass-
luminosity relation and determine Teff and Lbol by modeling the
optical spectra and by placing the star in the Hertzsprung-Russel
diagram (HRD). Eventually evolutionary models yield the stellar
mass which is obviously based on many assumptions and whose
error is dominated by the uncertainties of theoretical models.
In contrast, binary stars allow the determination of funda-
mental stellar parameters through a combination of photome-
try, astrometry, and spectroscopy and by applying basic physical
laws. In case of an eclipsing binary (hereafter EB), radii, dis-
tance and, in favorable cases, Teff also may be determined from
a combined analysis of light curves and radial velocity (hereafter
RV) curves.
There is growing evidence that most high-mass stars oc-
cur as binaries and/or multiple systems (e.g., Preibisch et al.
1999; Mason et al. 2009; Sana & Evans 2011; Chini et al.
2012). Because properties such as binary fraction, period dis-
tribution, and mass-ratio distribution provide important con-
straints on models of star formation and dynamical evolution,
precise knowledge of multiplicity characteristics and how they
change within this exceptional mass region are important to un-
derstanding the formation of high-mass stars. The currently dis-
cussed high-mass star formation scenarios involve: i) the gravita-
tional collapse of isolated massive cores and accretion disk (e.g.,
Myers 1991; Ward-Thompson 2002; Yorke & Sonnhalter 2002;
Krumholz et al. 2005; Krumholz 2006), ii) competitive accretion
in a clustered environment (Bonnell et al. 2003; Bonnell & Bate
2006; Bonnell 2008; Clark et al. 2008), and iii) stellar collisions
in very dense clusters (Bonnell et al. 1998; Stahler et al. 2000;
Vanbeveren et al. 2009).
Once a star has evolved to where it fills its Roche lobe, in-
teraction with its companion through the transfer of mass is in-
evitable. The evolution of interacting binaries follows a signifi-
cantly different path from that of single stars because of the mass
flow outwards from one component, the mass gain by its com-
panion and the mass loss from the entire system. The evolution
of massive stars in binary systems may lead to exotic phenom-
ena such as stellar mergers, X-ray binaries or gamma-ray bursts.
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As recently claimed by Sana et al. (2012) more than 70% of all
high-mass stars will exchange mass with a companion, leading
to a binary merger in one-third of the cases.
While great progress has been made so far in a statisti-
cal sense, the system parameters like period (P), eccentric-
ity (e) and mass for individual high-mass binaries are less
known. To date, substantial parts of the observational material
for binaries and multiple systems among high-mass stars comes
from high-resolution spectroscopic monitoring campaigns per-
formed for clusters e.g. Trumpler 14 and Trumpler 16 (Rauw
et al. 2001), Cr 228 (Levato et al. 1990), IC 2944 (Sana et al.
2011), IC 1805 (De Becker et al. 2006), NGC 6231 (Sana et al.
2008), NGC 6611 (Sana 2009), NGC 2244 (Mahy et al. 2009),
NGC 6334 and NGC 6357 (Russeil et al. 2012) or OB associ-
ations e.g. Monoceros OB2 (Mahy et al. 2009) and Cyg OB2
(Mahy et al. 2009).
Spectroscopic orbital parameters of individual binary sys-
tems have been reported for e.g. HD 166734 (O+O) (Conti et
al. 1980), V382 Cyg (O+O), V448 Cyg (O+O), XZ Cep (O+O)
(Harries et al. 1997), HD 93403 (O+O) (Rauw et al. 2000),
HD 149404 (O+O) (Rauw et al. 2001), HD 152248 (O+O) (Sana
et al. 2001), HD 101131 (O+O) (Gies et al. 2002), HD 48099
(O+O) (Mahy et al. 2010), HD 152219 (O+B)(Sana et al. 2006),
HD 115071 (O+B) (Penny et al. 2002).
Photometric orbital parameters were reported e.g. by
Davidge & Forbes (1988), Balona (1992), Terrell et al. (2003),
and Sana et al. (2006).
There are only a few dozen EBs known among the O-type
stars in the Galaxy, e.g. HD 167971 (O+O) (Davidge & Forbes
1988), V1182 Aqu (O+O) (Mayer et al. 2005), FO15 (O+O)
(Niemela et al. 2006), and SZ Cam (O+B) (Lorenz et al. 1998).
Further O-type EBs are desirable to increase the statistics on this
exotic class of objects.
Currently, we are performing a photometric monitoring sur-
vey with the aim to detect all eclipsing O-type binaries in the
southern hemisphere from two brightness limited samples. Our
targets comprise a complete sample of about 250 O-type stars
(V < 8) taken from the Galactic O-Star Catalogue V.2.0 (Sota et
al. 2008). Preliminary results indicate variability for about 24%
of the objects (Chini et al. 2013). A second sample of fainter O
stars comes from the Bochum Galactic disk Survey (Haas et al.
2012) where we are monitoring all stars with 10 < R, I < 15 in
a strip of ∆b = ±3◦ along the southern galactic plane.
In this paper we present a detailed photometric multi-
epoch study of three selected O-type stars, HD319702,
CPD− 51◦ 8946 and PISMIS 24-1. We show the first light
curve for Pismis 24-1, re-analyze the orbital period for
CPD− 51◦ 8946 and finally present the orbital parameters for a
new high-mass EB system HD 319702.
2. Data
2.1. Observations
The photometric observations were conducted between May and
October 2011 using the robotic 15 cm VYSOS-6 telescope of the
Universita¨tssternwarte Bochum, located near Cerro Armazones,
the future location of the ESO Extreme Large Telescope (ELT)
in Chile1; for instrumental details see Haas et al. (2012). The im-
ages were obtained simultaneously through Sloan r and i filters
at 6230 Å and 7616 Å; each star was observed typically for about
40 epochs.
1 http://www.astro.ruhr-uni-bochum.de/astro/oca/
2.2. Reduction
The images were processed by standard IRAF2 routines for im-
age reduction, including bias, dark current and flatfield correc-
tion. Additionally, astrometry and astrometric distortion were
calculated and properly corrected using SCAMP (Bertin 2006)
in combination with SExtractor (Bertin & Arnouts 1996). To im-
prove the image quality further we resampled the frames of an
original pixel size of 2.4′′ to a new pixel size of 0.8′′ using the
routine SWARP (Bertin et al. 2002). More information about the
data reduction can be found in Haas et al. (2012). Photometry
was performed using an aperture radius of 4′′ maximizing the
signal-to-noise ratio (S/N) and delivering the lowest absolute
scatter for the fluxes.
The light curves in normalized flux units are calculated rel-
ative to nearby non-variable reference stars located in the same
field. The absolute photometric calibration was obtained using
the fluxes of about 20 standard stars from Landolt (2009). The
standard star fields have been observed during the same nights as
the science targets. The photometry was corrected for airmass by
using the extinction curve for the nearby site Cerro Paranal de-
rived by Patat et al. (2011). The photometric errors are typically
of the order of 0.05 mag at both wavelengths.
2.3. Light Curve analysis
The photometric light curves were analysed assuming a standard
Roche geometry based on the Wilson-Devinney code (Wilson &
Devinney 1971; Wilson 1979, Wilson 1990). Because Kurucz
model atmospheres assume local thermodynamic equilibrium
(LTE) for calculating the emergent fluxes from a star this approx-
imation is insufficient in estimating the resultant light curves of
high-mass stars, where non-LTE effects alter the radiation field
significantly from that of LTE. This is even more prominent in
evolved stars, like Pismis 24-1, which is one of the objects in-
vestigated in the present study. For a more thorough analysis of
these systems, after follow-up spectroscopy has been obtained,
we will use a code that allows for input of model atmospheres
that do not make the LTE assumption, such as the ELC code
(Orosz & Hauschildt 2000).
For each model, the period P of the system and Teff of one
component were fixed. In the following we refer to the temper-
atures of the primary and secondary component as T1 and T2,
respectively. Periods were determined independently through
the Lafler-Kinman algorithm (Lafler & Kinman 1965) which
was subsequently generalized and called Phase Dispersion
Minimization (PDM) by Stellingwerf (1978). This method se-
lects the period that yields the lowest dispersion of the phase
light curve. The advantage of this algorithm compared to oth-
ers (e.g. Analysis of Variance by Schwarzenberg-Czerny (1989),
Schwarzenberg-Czerny (1999); Lomb-Scargle periodogram by
Scargle (1982)) is that it works also reliably in cases where there
are only a moderate number of data points (∼ 50).
Effective temperatures were adopted according to the spec-
tral types of the stars. For cases where the mass ratio (q =
M1/M2) of the stars was known, Teff was also fixed accordingly.
The best model was determined through several fits to the light
curves until the minimum of the χ2 was reached for each of the
following free parameters adopted: the effective temperature of
2 IRAF is distributed by the National Optical Astronomy
Observatory, which is operated by the Association of Universities
for Research in Astronomy (AURA) under cooperative agreement with
the National Science Foundation.
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the secondary star, the Roche lobe filling factors and the inclina-
tion i. Because our light curves do not reveal any signs for spots,
any further physical analysis was excluded.
A standard gravity-darkening law (Teff ∼ gβ) with coeffi-
cients β1 = β2 = 0.25 (von Zeipel 1924; Claret 2000; Djurasˇevic´
et al. 2003) together with bolometric albedos A1 = A2 = 1.0
was assumed for early-type stars with radiative envelopes and
hydrostatic equilibrium. We used a non-linear square-root limb-
darkening law obtained at optical wavelengths (Diaz-Cordoves
& Gimenez 1992) with limb darkening coefficients interpolated
from tables of van Hamme (1993) at the given bandpass.
3. Results
In the following, we introduce the three multiple high-mass sys-
tems and describe their properties as obtained from our light
curve analysis.
Table 1. Pismis 24-1 orbital solution and system parameters. The
reference time, T0, refers to the time of the primary eclipse.
Parameters Sloan r Sloan i
P [d] 2.358 ± 0.007 2.359 ± 0.009
T0(HJD-2400000) 55697.2788 55697.2788
q(M1/M2) 1.0 1.0
i 61.◦7 ± 1.◦5 61.◦8 ± 1.◦5
e 0.0 0.0
Roche lobe coefficient(1) 0.791 ± 0.006 0.793 ± 0.006
Roche lobe coefficient(2) 0.810 ± 0.007 0.821 ± 0.007
T1 (K) 42 520 42 520
T2 (K) 41 500 ± 1260 41 500 ± 1267
∆Dp 8.0% 7.0%
∆Ds 8.0% 7.0%
3.1. Pismis 24-1
Pismis 24-1 is a triple system that belongs to the young
open cluster Pismis 24 which resides within NGC 6357 in the
Sagittarius spiral arm at a distance of 1.7 kpc (Fang et al. 2012).
This well-studied region is known as a rich reservoir of young
stars, containing several OB-type stars (Massey et al. 2001) and
several shell-like H ii regions (Russeil et al. 2012).
As part of a multiplicity study at the high-mass end of
the IMF, Pismis 24-1 (HDE 319718 A) has been investigated
in depth by Maı´z Apella´niz et al. (2007) by means of high-
resolution images from the Hubble Space Telescope (HST).
These observations resolved the system into two components
– Pismis 24-1 SW and Pismis 24-1 NE separated by 0.36′′(see
Fig. 1 of Maı´z Apella´niz et al. 2007). Both components have
similar absolute visual magnitudes (MV = −6.28 for Pismis 24-
1 SW and MV = −6.41 for Pismis 24-1 NE) and similar intrinsic
colors.
High-resolution spectroscopy (Maı´z Apella´niz et al. 2007)
yielded a spectral type O4 III(f+) for Pismis 24-1 SW and con-
firmed the spectral type O3.5 If* for Pismis 24-1 NE as deter-
mined previously by Walborn (2002). Radial velocity varia-
tions from +20 to −90 km s−1 for the absorption lines mea-
sured in eight spectra confirmed the variations reported previ-
ously by Lortet et al. (1984) and suggest that Pismis 24-1 NE
is an unresolved spectroscopic binary. The estimated masses
for Pismis 24-1 SW and Pismis 24-1 NE are 96 ± 10 M and
97 ± 10 M (Maı´z Apella´niz et al. 2007).
Phil Massey and collaborators have detected optical variabil-
ity in the unresolved Pismis 24-1 NE+SW system with a peak-
to-peak amplitude of 0.07 mag and a period of 2.36088 days3.
However, no light curve has been published to date. As a con-
sequence, Pismis 24-1 is an excellent target to provide a decent
light curve for this system and to test our photometric analysis.
The PDM analysis of our 32 data points yields a period of
P = 2.36 days which is in excellent agreement with the result
reported by Maı´z Apella´niz et al. (2007).
As already noted in Sect. 2, each final (reduced) image has
a resolution of 0.8′′which does not allow us to resolve both
Pismis 24-1 NE+SW separately. In consequence, we expect that
some amount of third light contribution could alter the proper-
ties of the system, reducing the depths of the eclipses resulting
in temperature and inclination being underestimated. In order to
estimate the third light contribution, we performed the analysis
adopting l3 as a free parameter. The analysis yields reasonable
solutions for 0.05 ≤ l3 ≤ 0.20 with the best-fitting model at
l3 = 0.15. An acceptable solution can be found without con-
sidering the third light component (l3 = 0), however, the un-
certainty in the inclination and the temperature is large. Fig. 1
displays the observed Sloan r and Sloan i light curves together
with the best-fitting model solution folded onto the orbital pe-
riod. The light curves in both filters show nearly the same am-
plitude variations (∼ 7%) and both partial eclipses with the
same duration of 0.174 in phase. The primary and secondary
minimum eclipses, which are separated symmetrically by 0.5 in
phase, show similar depths ∆Dp = ∆Dp,min − ∆Dmax = 8% and
∆Ds = ∆Ds,min − ∆Dmax = 7%, where p and s refer to the pri-
mary and secondary minimum, and max denotes to the global
maximum of the light curve (Sandquist & Shetrone 2003).
We fixed T1 = 42000K according to the spectral type
O3.5 If* reported by Maı´z Apella´niz et al. (2007) and used the
observational Te f f calibration by Martins et al. (2005) (his Table
6). Additionally, we assumed equal masses for both components
(q = 1.0) as suggested by the spectroscopy (Maı´z Apella´niz et al.
2007). The best-fitting model favours a detached configuration
with an inclination i = 61.8◦ and requires that both components
fill up their Roche lobes at about 79% and 81%, respectively.
A 3D graphic presentation of the Roche model of the system
obtained at a orbital phase φ = 0.12 is shown in Fig. 1. Our cal-
culations yield an effective temperature of T2 = 41500K for the
secondary star which is consistent with its spectral type desig-
nation. The spectral type O3.5 If* corresponds to the combined
light of the two stars; hence spectroscopic follow-up is required
to classify the individual components. Likewise, the similarity of
the depths in the primary and secondary minimum agrees well
with the derived temperature. The observed symmetrical sepa-
ration of the primary and secondary minimum eclipses suggests
that the system has a circular orbit compatible with the current
spectroscopic knowledge of the system. In consequence, we as-
sumed zero eccentricity and synchronous rotation for which the
model provides the best fit to the system. A summary of the rel-
evant parameters and the best-fitting values are listed in Table 1.
3.2. CPD− 51◦ 8946
CPD−51◦ 8946 was classified as an OB-type star (Lynga 1964)
and is part of a sample of about 700 OB stars observed
by van Houten (2001) at the former Leiden Southern Station
at Hartebeespoortdam, South Africa. The eclipsing nature of
3 Private communication between Maı´z Apella´niz et al. 2007 and Phil
Massey (2006).
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Fig. 1. Observed light curves of Pismis 24-1 with the best-fitting
model obtained at l3 = 0.15 (yellow solid line) in the Sloan r
(top) and Sloan i (middle) bands, folded onto the orbital period
of 2.36 days. The error bar in the bottom of the plot represents
the average measurement uncertainty for the data set. The blue
and black solid lines correspond to the solutions obtained at l3 =
0.1 and l3 = 0.2 respectively. Bottom: 3D view of the system
Pismis 24-1 at an orbital phase of 0.12.
CPD−51◦ 8946 was established by Pojmanski & Maciejewski
(2004) using the data obtained from the ASAS III (All Sky
Automated Survey) catalogue of variable stars. The authors de-
Table 2. CPD− 51◦ 8946 orbital solution and system parame-
ters.The reference time, T0, refers to the time of the primary
eclipse.
Parameters Sloan r Sloan i
P [d] 1.959 ± 0.009 1.961 ± 0.009
T0(HJD-2400000) 55699.2733 55699.2733
q(M1/M2) 2.8 ± 0.8 2.8 ± 0.8
i 58.◦41 ± 1.◦2 58.◦41 ± 1.◦2
e 0.0 0.0
Roche lobe coefficient(1) 0.950 ± 0.012 0.950 ± 0.012
Roche lobe coefficient(2) 0.990 ± 0.017 0.990 ± 0.017
T1 (K) 34 550 34 550
T2 (K) 21 500 ± 1500 21 500 ± 1500
∆Dp 16.0% 10.0%
∆Ds 16.0% 10.0%
Table 3. HD 319702 orbital solution and system parameters. The
reference time, T0, refers to the time of the primary eclipse.
Parameters Sloan r Sloan i
P [d] 2.005 ± 0.036 2.006 ± 0.036
T0(HJD-2400000) 55688.3448 55688.3448
q(M1/M2) 1.0 1.0
i 67.◦52 ± 1.◦1 67.◦52 ± 1.◦1
e 0.0 0.0
Roche lobe coefficient(1) 0.710 ± 0.01 0.710 ± 0.01
Roche lobe coefficient(2) 0.710 ± 0.01 0.710 ± 0.01
T1 (K) 34 000 34 000
T2 (K) 25 200 ± 1340 25 200 ± 1340
∆Dp 11.0% 8.0%
∆Ds 11.0% 8.0%
termined a photometric period of 3.92 days and suggest an
eclipsing detached binary configuration.
From 44 data points we obtain a photometric period of 1.96
days, which is exactly half the period reported by Pojmanski &
Maciejewski (2004). To check this discrepancy, we performed a
re-analysis of the light curves available from the ASAS photo-
metric catalog4 database. Firstly, we considered whether the dif-
ference maybe caused by the selection of the ASAS photometric
data points, which are identified with the letters A to D according
to the quality of the data. Using only the high-quality data avail-
able (marked with A) the PDM analysis yields a period P = 1.96
days which is exactly the same value obtained from our light
curves. Second, we considered whether the discrepancy may be
caused by the different algorithms used to calculate the period.
However, using ∼ 50 light curves obtained from the ASAS cat-
alogue and performing a PDM analysis yields 100% agreement
with the values reported by Pojmanski & Maciejewski (2004).
Therefore we assume that the entry in Table 2 from Pojmanski
& Maciejewski (2004) must be erroneous.
Fig. 2 shown the light curves together with the best-fitting
model solution corresponding to Sloan r and i filters. In addi-
tion, this figure shows the light curve obtained from the ASAS
III catalogue with a period of 1.96 days. The light curves in both
filters have similar amplitude variations of ∼ 16%. The primary
and secondary minimum have different depths ∆Dp = 16% and
∆Ds = 10%, which can be interpreted through a difference be-
tween the temperatures of the components. Both partial eclipses
have the same duration (0.214 in phase) and their minima are
4 http://www.astrouw.edu.pl/asas/
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Fig. 2. Observed (dots) and simulated (solid line) light curves in
the r-Sloan (top) and i-Sloan (middle) bands, folded onto the or-
bital period (1.96 days) obtained from the PDM analysis. The
error bar in the bottom of the plot represents the average mea-
surement uncertainty for the data set. Bottom: The normalized
V-band light curve obtained from the ASAS III catalogue folded
with a period of 1.96 days.
Fig. 3. The graphical 3D view of the system CPD− 51◦ 8946
when the secondary star fills up its Roche lobe (bottom) was ob-
tained with the parameters estimated from the light curve analy-
sis.
separated symmetrically (0.5 in phase). In consequence, we esti-
mated the parameters of the system by assuming a circular orbit
and a synchronous rotation. The primary component fills up its
Roche lobe at about 95% while the secondary at about 99%,
favouring a semi-detached configuration with an orbital inclina-
tion i = 58.4◦.
We fixed the effective temperature of the primary star T1 =
34550 K according to the color-index B−V = −0.32 obtained by
van Houten (2001)5 corresponding to the spectral type O8.5 V,
reported originally by Boehm-Vitense (1981) and re-analyzed by
Humphreys & McElroy (1984); this spectral designation is also
consistent with recent investigations by Martins et al. (2005).
The best fit to the light curve yields a mass ratio q =
M1/M2 = 2.8 with a temperature of the secondary component
T2 = 21500 K corresponding to a spectral type B2 V (Boehm-
Vitense 1981; Lefever et al. 2010; Nieva & Przybilla 2012). As
displayed in Fig. 2, the 3D view Roche geometry of the system
(φ = 0.63) shows a transitional evolutionary state of the sys-
tem for which both stars are close to filling their Roche Lobes.
Most likely the future mass transfer will create a new contact
binary system. A summary of the relevant parameters and the
best-fitting values are listed in Table 2.
3.3. HD319702
Located at a distance of 1.75 kpc (Russeil et al. 2010; Russeil et
al. 2012), HD 319702 is a member of the cluster NGC 6334. This
region is considered as one of the most active regions of high-
mass star formation in our Galaxy (Tapia & Persi 2009; Russeil
et al. 2012). The area contains evolved optical but also embedded
compact H ii regions. HD 319702 has been classified originally
as a B1 Ib by Neckel (1978); later measurements converted the
spectral type into O8 III(f) (Walborn 1982; Maı´z-Apella´niz et
al. 2004; Pinheiro et al. 2010). So far there was no hint for an
eclipsing orbit.
As displayed in Fig. 4, the light curves constructed from 38
epochs show nearly identical amplitude variations with primary
and secondary minimum eclipses at different depths (∆Dp =
11%, ∆Ds = 8%). This behaviour is characteristic for an eclips-
ing binary with different effective temperatures; the primary
minimum is due to the eclipse of the more luminous star by the
less luminous companion. The eclipses are partial and symmet-
5 Note that the color-index reported by van Houten was obtained in
the Walraven photometric system. While the corresponding V filter is
similar to the Johnson V passband in both peak and bandwith the B
filter has only half of the width of the Johnson B passband.
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ric with the same duration of 0.189 in phase. The primary and
secondary minimum are separated symmetrically by 0.5 in phase
suggesting a circular orbit.
Our PDM analysis yields a period of P = 2.01 days. Again,
we have assumed a zero eccentricity and synchronous rotation
for which the model provides the best fit to the system. Based on
the spectral type determination of the primary star we adopted a
value of T1 = 34000 K considering the observational Te f f cali-
bration by Martins et al. (2005) (his Table 5). We computed a set
of orbital solutions where the best-fitting model favours an or-
bital inclination of 67.5◦ with a mass ratio of q = M1/M2 = 1.0.
The system shows well-defined eclipses favouring a detached
configuration, where both components fill up their Roche lobes
at about 71%. The temperature of the secondary component is
T2 = 25200 K suggesting that this new system is most likely
composed of an O8 III + a B0.5 V star if the calibration by
Humphreys & McElroy (1984) is used for the secondary com-
ponent. Considering the calibration reported by Boehm-Vitense
(1981) and Harmanec (1988) the system would turn into O8 III
+ a B1 V. A summary of the relevant parameters and the best-
fitting values are listed in Table 3.
4. Summary and conclusions
We have presented optical photometric observations for three
high-mass eclipsing binaries performed during a six months
monitoring campaign. A detailed analysis and modeling of the
light curves was carried out within the framework of the Roche
geometry. We find that all objects show light curve variations
that occur on time-scales of less than 3 days and that the sys-
tems are well described by circular orbits (zero or negligible ec-
centricity). The individual results are:
– Pismis 24-1 is a detached system with an orbital inclination
of 61.8◦ and an orbital period of 2.36 days. We can confirm
that the eclipsing binary system of Pismis 24-1 is composed
by at least one O+O pair.
– CPD− 51◦ 8946 is a semi-detached system with an orbital
inclination of 58.4◦ and an orbital period of 1.96 days. This
system is most likely composed of an O8.5 V and a B2 V star
and develops toward a contact system.
– HD 319702 is a new high-mass eclipsing binary system with
an detached configuration; its orbital inclination is 67.5◦ and
the period is 2.01 days. The components are well described
by the association of an O8 III and a B1 V star.
The current study has demonstrated that our photometric sur-
vey has the capability to detect O-type eclipsing binaries along
the galactic plane in the brightness range 10 < R, I < 15; more
EB candidates will be presented in the future. Follow-up spec-
troscopic RV studies of this sample are essential to determine the
absolute parameters and to track the evolutionary state of indi-
vidual systems. On the other hand, for the complete sample from
the Galactic O-Star Catalogue (V < 8) we are currently monitor-
ing all SB2 candidates (Chini et al. 2012) to detect further O-type
EBs among this sample and to obtain precise light curves (Barr
Domı´nguez et al., in prep.). From the few results available so far
– both in the literature and from our current study– it seems that
the important mass ratio parameter q ∼ 1. However, there might
be an observational bias since O stars have very high luminosi-
ties which prevent fainter companions from being detected. So
far there are only four known high-mass binaries where q > 2
with the exceptional maximum of q ∼ 5.8: HD 37022 (O5),
HD 53975 (B7 Iab), HD 199579 (O6 V), and HD 165246 (O8 V)
(see Mayer et al. 2013 and references therein).
This strongly corroborates the view that high-mass binaries
are generally created during the star formation process and are
not a result of tidal capture. We expect that our study will in-
crease the number of known O-type EBs substantially and that
we can obtain a better census of the range of q = M1/M2 in the
high-mass regime. Likewise it will be interesting to see at which
stellar primary mass q will significantly deviate from unity. For
this reason we will extend our studies in the future also toward
B-type binaries.
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